Is planetary chaos related to evolutionary (phenotypic) rates? by Flores, J. C.
ar
X
iv
:0
80
9.
47
22
v1
  [
q-
bio
.PE
]  
26
 Se
p 2
00
8
Is planetary chaos related to evolutionary (phenotypic) rates?
J. C. Flores
Instituto de Alta Investigacio´n IAI, Universidad de Tarapaca´, Casilla 7-D, Arica, Chile
After Laskar1,2, the Lyapunov time τ in the solar system is about five millions years (τ = 5.000.000
[years]). On the other hand, after Kimura3, the evolutionary (phenotypic) rate ν, for hominids, is
ν = 1/5.000.000 [1/years]. Why are these two quantities so closely related (ντ = 1)? In this work,
following a proposition by Finlayson4 and Hutchings5 et al, I found an inequality, which relates
Lyapunov time and evolution rate. This inequality fits well with some known cases in biological
evolution.
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I. INTRODUCTION
Chaos plays a major role in the modern conception
of physics6, particularly related to the instability of the
planetary system. On the other hand, phenotypic evolu-
tion plays an important role in biological sciences. Sur-
prisingly this two different aspect of research are closely
related since the rate of evolution (for some superior
species) is closely related to the Lyapunov exponent.
II. INEQUALITY FOR EVOLUTION RATE
AND LYAPUNOV TIME
Following Finlayson4 (page 42), and referring to hu-
man evolution, one way to reduce the effect of environ-
mental fluctuations is to prolong the response time face to
these changes (based on an original idea by Hutchings5 et
al). In fact, a slow evolutionary response may be able to
keep a stable population. This is very natural since face
to fluctuations, stability becomes related to long time
delay.
After these ideas, consider the proposed chaotic in-
stability for the solar system (see reference 6 for a gen-
eral discussion). That is, small perturbations produce
unpredictable changes after a time τ called the Lya-
punov time. In the solar system this time was evalu-
ated numerically1,2,6 and corresponds to τ = 5.000.000
[years]. It means that the solar system possesses an in-
trinsic noise source due to chaos and characterized by
that time. Following Hutchings et al and Finlayson ideas,
one expects that the evolution-time (1/ν) is bigger than
the fluctuations-time related to chaos instabilities. That
is,
ντ ≤ 1, (1)
and in the particular case of the planetary system
ν ≤ 1/5 [darwins]. (2)
Where one darwin corresponds to 1/1.000.000 [1/years].
Some values of the evolution rates are ν = 0.04 [darwins]
for horses, and ν = 0.026 [darwins] for a few species
of dinosaurs in the Mesozoic3. Note that (2) it is not
contradictory with a low evolutionary rate (crocodile and
other with small rates). Nevertheless, it gives a superior
bound for evolution rates guided by noise in the solar
systems. This is the case for hominids (after the Kimura’s
rate3, ν = 1/5 [darwins]) where the equality is verified in
(2).
III. CONCLUSIONS
I have proposed an inequality, based on the ideas of
Hutchings et al and Finlayson, which relates the evolu-
tion rate and environmental (noise) instability-time. Par-
ticularly, for some species (including hominids), this in-
equality is well verified when the planetary instability
due to chaos is considered. Naturally, for species with
high evolutionary rate (for instance virus) the origin of
fluctuations is a more local (terrestrial) source.
A final comment, inequality (1) ensures stability face
to environmental fluctuations (noise) nevertheless face to
abrupt and marked changes, in the sense of catastrophe
theory, a slow response does not guarantee stability.
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